Subjective memory impairment is one of few potential presenting symptoms for people with early cognitive impairment and has been a core feature of many criteria for mild cognitive impairment or equivalent constructs.
Subjective memory impairment is one of few potential presenting symptoms for people with early cognitive impairment and has been a core feature of many criteria for mild cognitive impairment or equivalent constructs. 1 However, its 'validity' remains controversial. For example, several longitudinal studies have found that dementia incidence is higher in people who admit to memory difficulties, [2] [3] [4] but the positive predictive value is low. 5 Although associations with contemporaneous cognitive function or subsequent decline have been variable, [6] [7] [8] those between subjective memory impairment and hidden risk factors for dementia have been more consistently found and include the presence of the apolipoprotein E (APOE) e4 allele, 9, 10 Alzheimer neuropathology, 11 white matter lesions, [12] [13] [14] lower contemporaneous cerebral volume generally 15, 16 and lower hippocampal volume specifically. 14, 17 To our knowledge, there has been no previous prospective neuroimaging research in relation to subjective memory impairment. Using data from a 4-year prospective community study of older people with neuroimaging repeated over this period, our objectives were to investigate associations between subjective memory impairment and both subsequent and previous changes in brain volumetric measures and white matter lesions, hypothesising that magnetic resonance imaging (MRI) changes indicative of worsening brain structure would be associated with subjective memory impairment both at baseline (i.e. subjective memory impairment predicting future brain changes) and at follow-up (i.e. subjective memory impairment reflecting previous brain changes). Magnetic resonance imaging changes of interest in this respect were white matter, grey matter and cerebrospinal fluid (CSF) volumes, hippocampal volumes and white matter lesion volumes (periventricular and subcortical).
Method The baseline sample
The baseline sample and measurements have been described previously. 14 In brief, the 3C Study is a multicentre cohort study carried out in three French cities (Bordeaux, Dijon and Montpellier) of community-dwelling adults aged 65 and over. 18 The study protocol was approved by the Ethical Committee of the University Hospital of Kremlin-Bicêtre, and participants signed informed consent. A cerebral MRI substudy was performed among participants in Dijon. Usual MRI exclusion criteria were applied. Of 2763 participants aged less than 80 approached for MRI, 2285 agreed to participate. As a result of financial limitations, 1924 examinations were carried out. Compared with participants who did not have MRI (n = 839), those who did were significantly younger (mean age 72.5 (s.d. = 4.1) v. 73.4 (s.d. = 4.0) years, P50.001), were less likely to be female (62.2% v. 71.0%, P50.001), more often had an education level above baccalaureate (23.5% v. 17.8%, P50.001) and were more likely to report good or very good health (62.3% v. 56.4%, P50.001). Participants with poor-quality scans (n = 123) or dementia at baseline (n = 8) were excluded.
Follow-up
All surviving participants were invited for re-examination 2 and 4 years after inception. Subjective memory impairment was ascertained in an identical way (see below) at all interviews. The MRI measures were estimated at the 4-year follow-up, using identical procedures for acquisition and analysis to those used at
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Aims
To investigate the relationship between subjective memory impairment and previous or subsequent changes in white matter lesions and brain volumes.
Method
In a community cohort study of 1336 people without dementia, 4-year changes in brain magnetic resonance imaging measures were investigated as correlates of subjective memory impairment at baseline and follow-up.
Results
Subjective memory impairment at baseline was associated with subsequent change in hippocampal volume and at follow-up impairment was associated with previous change in hippocampal, cerebrospinal fluid and grey matter volume and with subcortical white matter lesion increases. All associations with volume changes were U-shaped with significant quadratic terms -associations between least decline and subjective memory impairment were potentially explained by lower baseline hippocampal volumes in the groups with least volume change. Associations between hippocampal volume change and subjective memory impairment at follow-up were independent of cognitive decline and depressive symptoms, they were stronger in participants with the apolipoprotein E (APOE) e4 allele and in those without baseline subjective memory impairment.
Conclusions
Complaints of poor memory by older people, particularly when new, may be a realistic subjective appraisal of recent brain changes independent of observed cognitive decline. baseline. 19 For the analyses presented here only baseline and 4-year measures were considered.
Declaration of interest

MRI acquisition and analysis
Magnetic resonance imaging acquisition was performed on a 1.5 Tesla Magnetom (Siemens, Erlangen) at both baseline and follow-up using identical protocols. Fully automated procedures were used to ascertain both volumetric and white matter lesions data, which have been described in detail previously, 14, 20, 21 and which were also identical for images taken at baseline and follow-up. For this analysis, total, periventricular and subcortical white matter lesion volumes were calculated and expressed as a proportion of white matter detection mask. The following volumetric data were used: grey matter, white matter, CSF and hippocampal volumes. For all MRI measures, baseline values were subtracted from follow-up values in order to calculate change scores.
Subjective memory deficit
In a series of questions about perceived difficulties, all participants were asked at baseline and 4-year follow-up (in identical questionnaires) whether they had habitual forgetfulness during daily activities and whether they had difficulties remembering recent new information. Although these were not defined from a specific scale, they were chosen on the basis of previous research in French community samples using similar brief measures. 22 Participants who responded positively to both these questions were defined as having subjective memory impairment and were compared with the remainder of the sample at the respective examination for all analyses, an approach which defined a similar prevalence to those reported for problematic subjective memory impairment in other community settings.
9,23
Other measures
The following were ascertained at baseline: age, gender, level of education (seven categories of duration of formal education) and presence or absence of APOE e4. Additional covariates ascertained over the follow-up period included: incident stroke, incident dementia and depressive symptoms at follow-up (Center for Epidemiological Studies Depression Scale 24 (CES-D)). Dementia diagnoses were based on neuropsychological testing, medical history, neurologist review and consensus review, applying standard criteria. 25 Subtypes were not analysed here but have been reported previously for the 3C samples. 26 Suspected stroke occurrence was confirmed by medical records where possible and an end-point adjudication committee. Change (follow-up minus baseline) scores were calculated for the following cognitive tests that had been administered in an identical manner at baseline and follow-up: Mini-Mental State Examination (MMSE); 27 Isaac's Set Test (testing global verbal fluency); 28 Benton Visual Retention Test (testing recall of previously presented designs). 29 
Statistical analysis
All data were analysed using STATA 10 software for Windows. The sample was restricted to participants with complete MRI data at both baseline and year 4. Change scores for MRI measures were divided by quintiles into five equal groups and considered as independent variables in regression models. For primary analyses, subjective memory impairment frequency was compared across the groups, hypothesising linear (monotonic) associations. Two sets of analyses were carried out: the first set modelled subjective memory impairment at baseline as a binary dependent variable against MRI changes (i.e. investigating associations between subjective memory impairment and subsequent brain change); the second set modelled subjective memory impairment at 4-year follow-up against MRI changes (i.e. investigating associations between subjective memory impairment and previous brain change). Logistic regression models were used to investigate associations further. Where curvilinear associations were suggested, quadratic terms were fitted and tested for independent neuroimaging variables (quintiled scores). The following covariates were entered sequentially: age, gender, education and incident stroke. Further separate adjustments were then made for change in cognitive function, incident dementia and year-4 CES-D score. Finally, exploratory stratification was carried out for presence or absence of APOE e4; MMSE change (stable/ improving v. decline); MMSE level at the time of the subjective memory impairment measure; and presence or absence of subjective memory impairment at the other time point.
Results
Of 1792 participants without dementia and with MRI data at baseline, 1337 (74.5%) participated in the MRI study at followup (50 had died, 130 were lost to follow-up and the remaining 275 were not offered a follow-up MRI because of financial constraints). Compared with the total baseline sample, those followed were slightly younger, more likely to be female and less likely to have lower education (Table 1) . They did not differ substantially in terms of MMSE score or subjective memory impairment at baseline. Characteristics of the sample at 4-year follow-up are also displayed in Table 1 . Subjective memory impairment was reported at baseline by 26.6%, at follow-up by 26.0% and on both occasions by 10.3%.
Associations between MRI volume changes over the 4-year follow-up period and subjective memory impairment at the beginning of that period are summarised in Table 2 . Because some associations appeared non-linear (U-shaped), the respective quadratic term was also tested for each quintiled independent variable. This was significant for hippocampal volume change and bordered on statistical significance for CSF volume change. The association between baseline subjective memory impairment
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Stewart et al and subsequent hippocampal volume change was investigated in further logistic regression models and remained significant after adjustment for age, gender, education, incident stroke, baseline MMSE score and baseline CES-D score (adjusted odds ratios (ORs) for linear and quadratic terms in the same model: 0.53 (P = 0.006), and 1.11 (P = 0.005) respectively). Associations between MRI volume changes over the 4-year follow-up period and subjective memory impairment prevalence at the end of that period are summarised in Table 3 . Quadratic models implying U-shaped associations were significant for grey matter, CSF and hippocampal volume change and subcortical white matter lesion volume change. These were investigated in further logistic regression models, summarised in Table 4 . All associations were robust to adjustment for age, gender, education, incident stroke, year-4 CES-D score and change scores for all three repeated cognitive tests, the coefficients showing little change after any adjustment. Although some P-values fell below significance levels, there were not substantial changes in the coefficients when the four volume change measures (both linear and quadratic terms) were entered simultaneously into the same model and the sizes of respective coefficients were similar.
In stratified analyses of the association between subjective memory impairment at follow-up and previous volume change (Table 4) , coefficients for all four MRI measures were stronger in participants with the APOE e4 allele but showed little consistent or substantial modification by MMSE change or MMSE score at follow-up. Associations between subjective memory impairment and prior CSF or hippocampal volume changes were stronger if subjective memory impairment had not been present at baseline -i.e. were stronger for new-onset subjective memory impairment over the follow-up period.
A further secondary analysis was carried out to clarify potential reasons for the U-shaped associations, in particular the relationship between brain volume at baseline and subsequent change in volume, given previous findings of strong associations between lower hippocampal volume and subjective memory impairment at baseline in this cohort.
14 For hippocampal measures, baseline mean volumes (cm 3 ) by quintiled change score (ordered from least to most volume loss as defined for Tables 2  and 3 ) were 6.79, 6.84, 6.70, 6.67 and 6.37 respectively -an inverted U-shaped distribution that indicated least hippocampal volume loss in those with relatively small hippocampi at baseline. A linear regression of the association between change in hippocampal volume (dependent variable) and baseline hippocampal volume (independent variable) gave similar and significant findings (linear coefficient 0.25, P = 0.004; quadratic coefficient 70.02, P = 0.009). The same patterns were observed in baseline mean hippocampal volumes ordered by quintiled change scores representing increasing CSF volume (6.59, 6.62, 6.76, 6.77 and 6.64 respectively) and decreasing grey matter volume (6.64, 6.69, 6.70, 6.71 and 6.64 respectively). However, an alternative model, entering quintiled scores of hippocampal volume change expressed as a proportion of baseline hippocampal volume gave similar U-shaped associations for year-4 subjective memory impairment as a dependent variable (after adjustment for age, gender, education and stroke: linear term for descending quintile groups OR = 0.62 (95% CI 0.44-0.87, P = 0.006); quadratic term OR = 1.16 (95% CI 1.07-1.25, P50.001).
Discussion
Main findings
In a large community sample with repeated neuroimaging data obtained over a 4-year period, we investigated associations 201 Table 2 Associations between baseline subjective memory impairment and subsequent change in magnetic resonance imaging volumetric measures a. The fifth quintile representing the highest level of decline for grey matter, white matter and hippocampal volumes and the highest level of increase for white matter lesion and cerebrospinal fluid volumes. b. All analyses adjusted for baseline total intracranial volume in logistic regression model. Table 4 Logistic regression analyses of associations between magnetic resonance imaging (MRI) volume changes over 4 years and subjective memory impairment at the end of that period Quadratic logistic regression models predicting subjective memory impairment at year 4, OR (P) between changes in volumetric measures/white matter lesions and subjective memory impairment at baseline and follow-up. The first set of analyses investigated associations between baseline subjective memory impairment and subsequent MRI change, whereas the second set investigated associations between follow-up subjective memory impairment and preceding MRI change. We found stronger evidence for associations with preceding rather than subsequent volume changes: specifically for grey matter, CSF and hippocampi as well as for subcortical white matter lesions. However, there was also a significant association between baseline subjective memory impairment and subsequent hippocampal volume change. All significant associations were U-shaped (discussed further below). For associations between follow-up subjective memory impairment and previous volume change, there was no evidence of confounding by other co-occurring events such as cognitive decline, dementia or depressive symptoms, and the different volume change measures appeared independent of each other as predictors. However, there was some evidence for modification by APOE genotype, and the associations were strongest for follow-up subjective memory impairment that was incident over the follow-up period (i.e. not present at baseline).
Strengths and limitations
Strengths of the study included a large, well-characterised community sample and a reasonable rate of follow-up. The analyses tested a priori hypotheses using the data available from this valuable cohort, although the study as a whole was not set up to address these. Neuroimaging data, obtained using an automated technique, are unlikely to be biased with respect to subjective memory impairment, although it should be borne in mind that the subsample in whom MRI measures were available was not completely representative of the source population. However, although there was attrition bias by age and education, the strength and pattern of association between subjective memory impairment and neuroimaging measures are less likely to be influenced in this respect. Subjective memory impairment itself was defined from a relatively brief measure comprising responses to two questions. This approach has been commonly adopted in studies of subjective memory impairment, an advantage being that it is more readily generalisable than a scale measure to clinical and other community settings (as the questions are easily asked). Its disadvantage is that brief instruments are more subject to measurement error or reduced test-retest reliability. However, misclassification of this nature will obscure rather than exaggerate true associations and suboptimal measurement will not account for the identified significant associations. 'Validity' is a complex construct when applied to subjective memory impairment measures. On one level, a complaint of poor memory, however briefly assessed, has to be taken as genuine at the time it is ascertained. A more popular approach to validity however has been to evaluate the extent to which subjective memory impairment is indicative of underlying brain function or pathology, an issue which will be considered below.
The validity of subjective memory impairment in older people
Subjective memory impairment is an important symptom because it is one of a few ways in which people with early neurodegeneration might present to clinical services. Early studies had suggested that complaint about poor memory by an older person was more indicative of depression than early dementia. 30 This may still be the case since associations with depression are invariably strong in community samples. However, the traditional view of subjective memory impairment as a symptom poorly reflective of brain function has been challenged by more recent research, in particular research that has found associations with an increased risk of subsequent dementia. [2] [3] [4] [5] The positive predictive value in this respect is relatively low, 5 but this may simply reflect the low incidence of dementia in community samples and modifying factors. For example, associations between subjective and objective cognitive function have been found to be stronger in more cognitively demanding environments. 23, 31 Furthermore, the likelihood of subjective memory impairment being reported in people with preclinical dementia may well depend on the extent and pattern of underlying neurodegeneration since loss of insight (i.e. 'disappearance' of subjective memory impairment ) appears to occur close to the clinical onset of dementia in at least some cases. 3 Some people with early dementia may therefore not notice memory deficits because these are not interfering with daily tasks and, by the time they do, insight may have been lost.
Further evidence for the 'validity' of subjective memory impairment has come from studies that have investigated contemporaneous associations with proxy markers of brain pathology or dementia risk. Two studies have found associations between subjective memory impairment and APOE e4, 9, 10 although others have not. 3, 32 More consistent associations have been reported with white matter lesions, 12, 13 lower cerebral volume 15, 16 and, specifically, smaller hippocampal volume in a sample with white matter lesions. 17 One study also found associations between ante-mortem subjective memory impairment and post-mortem Alzheimer neuropathology. 11 In a cross-sectional analysis carried out at baseline in the cohort described here, we found associations between subjective memory impairment and both higher white matter lesion volume and smaller hippocampal volume, independent of depressive symptoms. 14 To our knowledge, the prospective interrelationship between subjective memory impairment and MRI changes has not been investigated previously. In general, our findings in this analysis support the 'validity' of subjective memory impairment in that it was more frequently reported by participants with the highest levels of volume loss, whether this was measured as total grey matter or hippocampal volume loss or as CSF volume increase. No associations were found for changes in total or periventricular white matter lesion volume but an association was found between subjective memory impairment at follow-up and previous change in subcortical white matter lesion volume. Although the pattern of association with subjective memory impairment (U-shaped and with subsequent rather than previous subjective memory impairment) was similar to that of other volumetric change measures, it is less consistent with baseline cross-sectional associations with subjective memory impairment, which were stronger for periventricular lesions.
14 Furthermore, some research suggests that subcortical lesions are more strongly associated with depression than dementia. 33 This could possibly account for the association observed in this sample. However, adjustment for depressive symptoms (CES-D score) had little impact (Table 4) . The lack of prospective associations with periventricular lesions may be explained by insufficient change at the higher end of the distribution over the 4 years of observation.
Associations between subjective memory impairment and volume changes, when present, were U-shaped with higher prevalence of subjective memory impairment in both those with most volume loss and those with least loss. We believe that low volumes at baseline being less likely to decrease at follow-up is the most likely explanation for the increased prevalence of subjective memory impairment in quintile one responsible for significant quadratic terms in Tables 2 and 3 . Of all volumetric measures at baseline, hippocampal volume had been found to be the most strongly and robustly associated with subjective memory impairment in cross-sectional analyses. 14 In a post hoc analysis we found that those with least decline on all three volume measures of interest had relatively low hippocampal volumes at baseline. This may define a group who had stable low volumes over the follow-up period and higher subjective memory impairment because of this. We have previously suggested that lower hippocampal volume associated with subjective memory impairment might reflect either hippocampal atrophy secondary to neurodegeneration or hippocampal volume attained or acquired at a much earlier stage.
14 Our prospective findings suggest that both these explanations might be true -the quintile one group in Tables 2 and 3 representing stable low volume and the quintile five group representing declining volume. Whether stable low hippocampal volume in this group reflects the volume attained during early brain development or discrete loss of volume acquired later in life remains to be determined. This effect of baseline volume would have obscured associations between subjective memory impairment and 'low and declining' hippocampal volume and therefore does not explain the increased subjective memory impairment in quintile five groups in Tables 2  and 3 .
Clinical importance of subjective memory impairment
How seriously then should a complaint of poor memory be taken in a clinical encounter? In general, associations between subjective and objective cognitive function have been absent or heterogeneous in previous research, 6 which historically has led to an underestimation of the symptom's importance. However, interpretation of cognitive performance on a single occasion relies strongly on an individual's deviation from a demographic norm and that person's previous level of function can only in practice be estimated approximately from crystallised IQ measures. Furthermore, tests that are repeated over time may have insufficient accuracy to distinguish meaningful decline from random fluctuation and practice effects. In our sample, associations between subjective memory impairment and volumetric changes were little changed following adjustment for or stratification by change in or level of cognitive function, suggesting that subjective memory impairment may represent an appraisal of underlying function that is more accurate at least than the relatively brief assessments that are most commonly administered in clinical settings. They were also unchanged following adjustment for depressive symptoms. In general we found that subjective memory impairment reflected previous volume change more strongly than it predicted subsequent change, which is not surprising since there are likely to be a number of other determinants of subsequent change that may or may not be present at the time a memory deficit is noticed. A predictive association was found between subjective memory impairment and subsequent hippocampal volume change but the two-visit study design did not allow us to adjust for previous hippocampal volume change as a potential confounding factor.
Interestingly, associations with previous volume changes were strongest for subjective memory impairment that was present at follow-up but not at baseline -i.e. for 'incident' rather than 'persistent' subjective memory impairment. One previous prospective study found that people with incident dementia over a 2.5 year follow-up period were more likely to have 'persistent' or 'transient' subjective memory impairment for the same two examination points -i.e. subjective memory impairment that was present at both baseline and follow-up or subjective memory impairment that was present at baseline but not at follow-up (the second of these possibly reflecting loss of insight). 3 In that study there was no association between dementia and 'incident' subjective memory impairment, implying that the onset must have been at an earlier stage of cognitive decline. Our findings support this since they were present in a relatively healthy sample very few of whom developed dementia and, for hippocampal volume and grey matter volume change, remained significant in those with MMSE scores of 27-30 at the end of the follow-up period and in those with no change in MMSE score over 4 years. They therefore suggest that subjective memory impairment, if it does manifest, does so at relatively mild levels of neurodegeneration before there is any evidence of cognitive impairment or decline, at least on brief assessments. Across the road we stand, strangers the comfortable distance reassuring enough to let us wave and smile.
But when we meet in the heat of confrontation face to face and stripped, we break into sweat, like in a sauna, and our tongues are parched and speechless. This is the moment to embrace nakedly and unashamed, but mostly we turn our backs and walk away. 
